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DEATH MECHANISM OF WARM-BLOODED ANIMAIS
WHO HAVE DIED AT A RESULT OF EXPOSURE
T0_LOW TEMPERATURES

V. Popovic
Inst of Physiol, Faculty of Sci
Belgrade Unjv

ﬁhe Tollowing abstract of Penovic's article is taken from Acta
Medica Iugoslavica, Vol VII.nNo 1-2, 1953,/

In this article the author elaborztes on the limits within which life can
- . be preserved in expecimentally irduced hypothermia. He discusses the ievels
. of refrigeration from which & warm-blooded animal may recover, and also the
mechanism of death caused by extreme ccld.

1. The bocg'.es of rats and other mammals may be reduced in temperature {
to about 1h°-15°  frectal temp), with subsequent restoretion to their normal )
condition, providing thut the state of deup hypothermnia {lowering of the |
temperature to 14°) has not excecded 10-1Z iwrs.

2. By apyplying artificial respiration, rats, guirea pigs, rabbits, and
probably ether marmels may be safely cocled to temperatures of 10°, 89, and
ever.-low as 6°, Ry means of ortificial reheating, the temperature of the
Y experimentally cooled animals may be brought back to a normal level. In the
- rajority of rases, the animals will easily revert to thelr norenl state.

. Consequently, cooling of the body belov 15° is not lethel, contrzry %o the
assumption of certain authors. This temperature is not "the lethal temperature
of *issues" as Adolph maintains.

ErEp—— .

-’
3. Thae curve of the dissociation of oxyhemoglotin at L temperatures -
in vitro (uccording to Barcrof't) does not seem to apply in vivo. The oxy-
hemcglobin is not stable in deep hypothermia. It continues to provide the
tissues with oxygen, even though the temperature of the blood drops below 15°.
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Thus, small doses of CO, which as a rule reduce the consumption of Op only d AL
slightly in normal animals, lower to a considerable degree the consumption = -

, of this gas in rats whoge temperature has been brought down to 15°. Doubt- %; L
lessly the carbon nonoxide replaces the oxygen content of oxyhemoglobin. }

1 .- e
On the other hend, the increase in the pressure of Op in the plasma . . ? - f
caused by placing the refrigerated animal into pPure oxygen does not increase 0!
the animal's consumption of oxygen beyond that which would have occurred in a )
normal atmosphere or under a slightly reduced pressure. The limiting pressuvre .
of oxygen, i.e., the stage at which progressive depression begius to affect

the respiratory tract, 1s equel to about 80-100 wm Hg both in a normal rat ;

and in a ro% cooled to 15°. The effect of various factors cun increase to a el
consiacrable extent the Cfygen consumption of a rat whose temperature has * -

been lowered. This consumption can be also stimulated by such factors as

feeding the animal meat, adaptation to the cold, etc.

All these findings disprove as hardly plausible the hypothesiz that
death through lowering of temperature is due to an asphyxintion resulting
from a stoppage of the suprly to the tissues of oXygzen couhitained in the

oxyhemoglobin. This is a theory defended by numerous physivlogists (see Verz,
Weltz, Lutz, Schumacher, etc.)

L. The "theory of the heart," which explains death caused by extreme
o‘ cold as s direct effect of the cold on the heart, by overtaxation of the heart,
R anoxemia of the heart, ete. (Bigelow), seems hardly justified. An extirpated
heart centinues to beat even after its temperature has been reduced below 15
(down to €9). A venesection relieves the strain on the right side of the
heart, but does not decrease the body temperature of a warm-blooded animal to
its lethal limits. ™he heart of an animal brought to a temperature below 15°
N and as low &« 8°-10° functions much better (pulsation increases from 10-12
; to 40-60 beats*per minute) if artificial respiration is applied.

n 5. Moreover, one may refute the theory that deeth from extreme cold is

A caused by paralysis of the nervous systee. It is evident that all reflexes
disappear at a temperature only a few derrees kigher than 150. However,
reduction ofothe temperature of animal bodies to a temperature below 15¢ and
down to 6°-87, with the aprlication of artificial respiration, is accompanied

. by the retention of certain reflexes. This means that the disappeuarance of re-

5 ' Tlexes at & hody temperature of 15° is not the cause but the result of the

general conditicr or .he animal and is iaduced by the faulty functicning of

the respiraterry center. I.e., the disappearance of reflexes is due to as-

phyxiation,

6. One must regard the disorders of the respiratery systems as the i
principal cause of the death of' warm-blooded animals whose body temperature
has been lowered to 15°. The respiratory disturbances can be attributed to
a .educed excitability of the respiratorg centers. This assumption is sup-
pcrted hy tpe following findings: &t 159, respir.ticn ceases before the
heart stops. Approximately 3% of €Oy in the air inhaled by the refrigerated
animal produces a favorable effect or the general condition of this animal
and assists in its recovery. %his phenomenon has been observed by Gelhorn
and Janus (1036), who nad stated that "the animels then are in the best
condition." Consequently, for use in the artificial respiration administered
to animals affected by cold, the following mixture of fases s reccmmended: ]

1
37% of 05 plus 3% of COp [Elus (o7 Y Ny or of air/
-
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